With the increasing focus on the dissemination of health information technology (HIT) and the electronic health record (EHR), questions regarding the impact of these technologies on clinical practice become of paramount importance. Studies conducted thus far outline both the benefits of HIT and EHRs, such as reduction in medication errors and improved patient outcomes, 1,2 and their unintended consequences, such as reduced efficiency, lower quality of care, increased possibility of medical errors, 3,4 and disruptions in clinicians' workflows, particularly if the design of the HIT or EHR does not match clinical work practices. 5
With the increasing focus on the dissemination of health information technology (HIT) and the electronic health record (EHR), questions regarding the impact of these technologies on clinical practice become of paramount importance. Studies conducted thus far outline both the benefits of HIT and EHRs, such as reduction in medication errors and improved patient outcomes, 1, 2 and their unintended consequences, such as reduced efficiency, lower quality of care, increased possibility of medical errors, 3, 4 and disruptions in clinicians' workflows, particularly if the design of the HIT or EHR does not match clinical work practices. 5 Despite the growing importance of HIT and EHRs, the actual patterns of clinicians' use of these technologies remain poorly understood. Many studies do not discriminate between different types of tasks clinicians perform using electronic systems or only focus on particular types of HIT, such as computerized provider order entry 3, 6, 7 and electronic documentation. 8, 9 However, the rich functionality of modern EHRs suggests that a wide variety of tasks related to patient care may now be performed using computing systems. Moreover, new generations of clinicians increasingly rely on computing and information technologies in different aspects of their lives. The question then becomes how these increasing expectations and experiences with technologies change the way clinicians practice medicine, engage with patients, and carry out their professional duties.
Previous studies of resident workflows suggested that physicians in training spend little time on direct patient care and the majority of their time on educational and administrative tasks. 10, 11 These observations remained consistent for several decades, 12, 13 leading to a standing concern about residents' time allocation. The introduction of HIT and EHRs inspired an ongoing debate in the medical community, not only about their benefits and limitations 14, 15 but also about their impact on how residents spend their time, particularly with regard to the proportion of time residents spend on direct patient care. 10 The study reported here contributes to this discussion by investigating the use of computing and information technologies by residents in inpatient care settings. The goal of the study was to understand not only how much time residents spend using computers compared with other activities but also what residents use computers for, thus providing a snapshot of the role of HIT in modern patient care. To accomplish this, we conducted a time and motion study of medical residents at a large urban teaching hospital. To add to the previous research in this area, the study expanded on a validated taxonomy of clinical activities by introducing a set of fine-grained categories describing computer use that allowed us to examine Abstract Purpose To understand how much time residents spend using computers compared with other activities, and what residents use computers for.
Method
This time and motion study was conducted in June and July 2010 at NewYork-Presbyterian/Columbia University Medical Center with seven residents (first-, second-, and third-year) on the general medicine service. An experienced observer shadowed residents during a single day shift, captured all their activities using an iPad application, and took field notes. The activities were captured using a validated taxonomy of clinical activities, expanded to describe computer-based activities with a greater level of detail.
Results
Residents spent 364.5 minutes (50.6%) of their shift time using computers, compared with 67.8 minutes (9.4%) interacting with patients. In addition, they spent 292.3 minutes (40.6%) talking with others in person, 186.0 minutes (25.8%) handling paper notes, 79.7 minutes (11.1%) in rounds, 80.0 minutes (11.1%) walking or waiting, and 54.0 minutes (7.5%) talking on the phone. Residents spent 685 minutes (59.6%) multitasking. Computer-based documentation activities amounted to 189.9 minutes (52.1%) of all computer-based activities time, with 128.7 minutes (35.3%) spent writing notes and 27.3 minutes (7.5%) reading notes composed by others.
Conclusions
The study showed that residents spent considerably more time interacting with computers (over 50% of their shift time) than in direct contact with patients (less than 10% of their shift time). Some of this may be due to an increasing reliance on computing systems for access to patient data, further exacerbated by inefficiencies in the design of the electronic health record. these activities with an unprecedented level of detail.
Method

Empirical setting
We conducted this time and motion study in June and July 2010 at NewYork-Presbyterian/Columbia University Medical Center (NYP/CUMC), a large urban teaching hospital in New York, New York. NYP/CUMC had over 2,300 beds and discharged over 110,000 patients in 2009, with an average length of stay of 6.4 days. 16 We conducted this study with residents (first-, second-, and third-year) on the general medicine service. Patient care on the general medicine service was practiced in teams; the physicians on each team included an attending physician, a fellow, a second-or third-year resident, a first-year resident (intern), and a medical student.
In 2004, NYP/CUMC deployed a commercial EHR system (Allscripts Sunrise, Allscripts, Chicago, Illinois). Before that, NYP/CUMC used WebCIS, which was developed in-house. The Allscripts Sunrise EHR system included a number of modules, separated into tabs (e.g., results, flowsheets, orders). Most licensed independent practitioners entered their notes directly into the EHR via a keyboard and mouse as opposed to using dictation.
In addition to the EHR, all residents had two-way pagers, which were used as the main means of communication on the general medicine service. No workrelated mobile or handheld devices were actively used during the study.
Subjects
At the time of the study, 16 residents rotated on the general medicine service (8 second-or third-year residents and 8 interns). Four (25.0%) of these residents participated in a pilot study, conducted immediately prior to the study described here. Another 7 (43.8%) participated in the final data collection study-3 (42.9%) of these participants were interns, who began their first rotations 3 to 4 weeks prior to the study, and 4 (57.1%) were second-or third-year residents. The 7 participants were randomly selected from the pool of rotating residents with the assistance of chief residents. All residents who were approached agreed to participate in the study, and there were no withdrawals. Each participant was observed for the entire duration of one of his or her shifts. The participants were introduced to the purpose of the study (time and motion study of their activities); there was no compensation for participating.
Study design
This study used a time and motion design to allow us to capture data on clinical activities with a high level of detail. 10 During the course of the study, an experienced observer (L.M.) shadowed each participant for the 7 to 14 hours of their day shift (typically starting between 7:00 am and 8:00 am and ending between 3:00 pm and 9:00 pm). We did not include night shifts in the study. While shadowing participants, the observer captured all their activities using a custom-developed iPad application. Notably, the application allowed us to capture multiple activities simultaneously to account for multitasking (e.g., when participants were viewing a patient's record while talking on the phone). The observer had extensive expertise with qualitative research methods, including observations of clinicians' use of electronic documentation systems 17 and clinical work practices. 18 During the data collection sessions (i.e., the residents' shifts), the observer kept detailed field notes describing the captured activities and the context of these activities. We conducted informal interviews with study participants as member checks to confirm our findings and interpretations of the findings. The interviews were conducted during the days following the observations as oneon-one conversations and lasted between 15 and 45 minutes.
The study was approved by the institutional review board of Columbia University Medical Center; all participants consented to participate in the study prior to observation.
Taxonomy of clinical activities
For this study, we used a modified taxonomy of clinical activities developed by Overhage et al 19 and refined by Pizziferri et al, 20 which we expanded to allow for a fine-grained examination of computer-based activities. Specifically, we added six new subitems to the looking-up-data category-viewing the patient list, viewing flowsheets, viewing results, viewing imaging data, viewing general patient data, and viewing a visualization of patient data. In addition, we introduced several new subitems describing different activities related to managing patient care (e.g., managing handoff to-do lists and clearing to-do flags). Because dictation was not used, we did not include the category of reviewing dictation in our taxonomy. The final breakdown of the computer-based activities category is given in Table 2 .
Data analysis
The analytic approach used in this study was inspired by the work of Zheng et al 5 that described multiple analytical tools to visualize and uncover hidden regularities embedded in the sequential execution of patient care tasks in a clinical workflow. The frequencies and durations of activities were calculated using Excel (version 14.5.8 for Mac, Microsoft, Redmond, Washington). The activity visualization tool used in Figure  1 was custom developed using the D3 visualization package. 21 The aggregated activity view (heat map visualization) used in Figure 2 was generated using an Excel stacked bar chart feature. Finally, we reviewed all field notes taken during observations and grouped them in accordance with the taxonomy based on the category of activities they referred to. We also conducted a thematic analysis of notes and transcripts from interviews. These notes, transcripts, and themes were used to provide context and explanations for data captured with the time and motion study.
Results
General patterns of activities
The total times spent by residents on different clinical activities per shift are presented in Table 1 . On average, out of 720.2 minutes of shift time, the residents spent 364.5 minutes (50.6%) using computers (Computer read/write); in comparison, they spent 67.8 minutes (9.4%) interacting with patients (Patient). After computer-based activities, the second most time-consuming activity residents did during their shift time was talking with others in person (Talking, 292.3 minutes [40.6%]); this included conversations about both patient care and general social topics. In addition to reading and writing notes on the computer, residents spent a quarter of their shift time (186.0 minutes [25.8%]) handling paper (Paper read/write), primarily printouts of the electronic sign-out note; residents in the study often printed this note in the morning and used it throughout the day to capture updates and handwritten to-do lists. The residents spent just over an hour of their shift time in rounds (Rounds, 79. patient data (0.7 minutes [0.2%]); and viewing a visualization of patient data, a custom-developed feature, which allows patient data to be viewed on a timeline (0.3 minutes [0.1%]). The residents also spent 48.1 minutes (13.2%) managing orders, including viewing (23.9 minutes [6.6%]) and writing (24.2 minutes [6.6%]) orders, and just under 10 minutes using computer-mediated communication, such as paging (9.2 minutes [2.5%]) and e-mail (0.4 minutes [0.1%]). Other activities, related to logistics, managing to-do lists, reference look-up, and managing medications, each took less than 10 minutes on average. Finally, the residents spent 24.0 minutes (6.6%) on computer-based activities not included in the taxonomy; these were classified in the Other category. Figure 2 shows a heat map visualization of the activities captured for each participant during the observed clinical shifts. As is evident from the visualization, patient interactions (black) happened mainly in three different ways: as part of the morning prerounding activities, after rounds (usually to carry out the established care plans), and sometimes before the end of the shift. The figure also shows that there was a visible difference in time spent with patients between interns and residents; the informal interviews confirmed that the participants perceived interns as being primarily responsible for direct patient contact, unless it involved procedures that required a higher level of skill or expertise. Both computers and paper were most commonly used in the morning while preparing for rounds, after rounds to update care plans, and later in the day to document changes in patients' conditions and to check off completed to-do list items. In the morning hours, the use of computers was tightly coupled with the use of paper. During this time, the residents copied important bits of data from the EHR onto their paper notes to have this information available for rounds. In the afternoon, however, the use of computers was tightly interspersed with communication, as residents often engaged in discussions with others in person and on the phone while using computers.
Computer-based activities
Visualizing activities
Discussion
In this study, we examined how residents (first-, second-, and third-year) on the general medicine service in a large urban teaching hospital spent their shift time, with a particular focus on their use of computers. Consistent with previous reports, our study showed that residents spend considerably more time interacting with computers (over 50% of their shift time) than in direct contact with patients (less than 10% of their shift time). The difference we found, however, was even more pronounced than what had been reported in earlier studies (e.g., 40% computer use and 12% patient care 10 ). The study may have identified two factors that might contribute to the high level of computer use: inefficiencies in the design of the EHR system and an increasing reliance on computing systems for access to patient data.
Inefficiencies in the design of the EHR system
First, the study indicated that a significant portion of the computer-based activities was dedicated to documentation (128.7 minutes, 35.3%). This finding is higher than similar findings in previous reports (e.g., 21% of time spent on documentation 22, 23 ), including a previous report from our institution. 24 This observation raises a question about whether electronic documentation is inevitably time consuming and burdensome or whether there are limitations in the design of the current electronic documentation systems that inflate documentation time. This study may have highlighted several aspects of electronic documentation that contributed to inefficient use of time spent documenting. For example, residents spent 33.9 minutes (9.3%) of their shift time viewing the list of available notes rather than reading them. Our field notes suggested that these situations often occurred when residents were waiting for an attending physician to "drop" their progress note, which would make the discussed care plan official, before proceeding with the planned activities. Because the EHR did not alert the residents to newly posted notes, they had to periodically look for updates. In addition, the high degree of fragmentation in the organization of the patient record, reflected in the six distinct items within the looking-up-patientdata category (which corresponded to six different areas of the EHR containing patient data), may have required residents to spend a considerable amount of time consolidating data from these different areas. Finally, the reliance on desktop computers and their positioning away from patients made it impossible for clinicians to integrate computer-based activities with more direct patient care activities.
Increasing reliance on computing systems for access to patient data
Second, the study suggested that half of residents' computer-based activities time was spent on activities not related to documentation but, rather, to reviewing patient data ( These findings further reinforce the importance of continuous focus on improvements to the design and usability of EHRs. 25, 26 They also suggest the need to reenvision the EHR as a dynamic tool for facilitating and coordinating complex multidisciplinary patient care and for enhancing communication within patient care teams and between clinicians and patients, rather than as a static record of patient care.
Study limitations
This study has a number of limitations. First of all, it was conducted with a limited number of participants on one general medicine service within one large urban teaching hospital. As such, it has limited generalizability beyond these settings. However, the scale of the study is comparable with other recent time and motion studies of resident workflows. Moreover, the distribution of activities captured in the study is likely to be different in specialty units, such as critical care units, or for different types of residents, such as surgical residents.
In 
Conclusions
This time and motion study investigated how residents on the general internal medicine service of a large urban teaching hospital spent their shift time, with a particular focus on their use of computers. The study may have uncovered a number of inefficiencies in the design of the EHR system that led to inefficient use of time for documenting and reviewing patient data, suggesting that improvements in the design and usability of EHRs may help to streamline computer-based activities.
Arguably, the practice of medicine may have reached the "point of no return" in regard to its reliance on computing systems. The question then becomes not whether and how much clinicians should use computers, but what they should use them for and to what degree the use of computing systems can support clinical care activities.
